3GPP TSG RAN WG1 Meeting #88	R1-1701722
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Athens, Greece, 13th - 17th February 2017


Agenda Item:	8.1.1.2.1
Source:	Huawei, HiSilicon
Title:	Discussion and evaluation on broadcast channel/signals transmission for beam based initial access
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]
Introduction
In RAN1#NR AH meeting, the following were agreed [1]:
1. No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
1. For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
1. For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
2. Alt.1: Two antenna port based SFBC
2. Alt.2: Two antenna port based precoder cycling
2. Alt.3: Single antenna port based transmission scheme 
1. For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
3. Alt.1: Synchronization Signal (e.g. NR-SSS)
3. Alt.2: Self-contained DMRS 
1. NOTE: It does not preclude additional channel estimation aid from synchronization signal.
3. Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
1. Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88
[bookmark: _Ref129681832]In this contribution, the physical channel design of PBCH including multiplexing with synchronization signal in a SS block, DMRS for PBCH etc. are discussed. Some evaluations are also provided. 
PBCH Design
In this section, the physical channel design of PBCH, e.g., transmission scheme, multiplexing, DMRS for PBCH etc. are discussed. 
PBCH transmission scheme
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At last meeting, the following alternatives for transmission schemes of broadcast channel had been agreed.  
3. Alt.1: Two antenna port based SFBC
3. Alt.2: Two antenna port based precoder cycling
3. Alt.3: Single antenna port based transmission scheme
[bookmark: OLE_LINK20][bookmark: OLE_LINK19]In this part, we compare the BLER performance of different transmission schemes for broadcast channel with the assumptions given in Table 2, where perfect channel knowledge is assumed at UE side. The BLER performance comparisons are given in Fig. 1. And the corresponding physical resource mapping is given in the appendix.
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Figure 1 BLER performance comparisions
It can be observed that SFBC scheme outperforms the other two schemes, and hence we have following proposal.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 1: SFBC used as the transmission scheme for broadcast channel should be supported in NR. 
Multiplexing of PBCH and SS
FDM of PBCH and SS
In FDM, PBCH is transmitted with the same beam as PSS/SSS in the same OFDM symbol. It will fully utilize the frequency resource especially for above 6GHz band, where the bandwidth is much larger than the sub 6GHz band. 
Furthermore, if bandwidth is large enough, it could also be used to transmit other signals, especially some signals needs broadcasting, e.g., paging signal. Note that for multi-beam based communications in above 6GHz band, the other signal is not desirable to transmit UE specific payload data, since we need to consider the TRP beamforming capability. Assume that a TRP equipped with 6 IRF chains could transmit at most M = 6 concurrent beams and needs a total number of 24 beams for the whole cell coverage. Also assume that PSS, SSS and PBCH need occupy 144 REs, 144 REs and 288 REs, respectively, in each SS block. With FDM between PBCH and SS, one SS block only span 2 OFDM symbols in the time domain and 288 REs in the frequency domain. If we allow  all the 6 concurrent beams are used for SS and PBCH transmission, it needs to scan 24/6*2=8 OFDM symbols, and covering 8*288 = 2304 REs for SS and PBCH. Otherwise if 4 concurrent beams are used for SS and PBCH transmission in each SS block, it needs to scan 24/4*2=12 OFDM symbols, and covering 12*288=3456 REs for SS and PBCH. It will cause more overhead for PBCH/SS transmission. As a result, it is desirable to let all the possible antennas for PBCH/SS transmission at the same time. 
Such beams are normally wide beams which are more desirable to transmit the signals that need broadcasting. Note that, multiplexing of multiple signals in frequency domain will increase the PAPR and reduce the power boosting capability, which may influence the cell coverage. However, to fully realize the spectrum, it is desirable to multiplex other signals with PBCH/SS in the frequency domain if the coverage target could be satisfied. Furthermore, if DL signal (e.g., SS) need power boosting for coverage, UL RACH is a bigger issues and msg2 transmission also need to consider carefully.                      
TDM of PBCH and SS
In TDM, PBCH is transmitted with the same beam as PSS/SSS in different OFDM symbols. It will fully reuse the PSS/SSS signal as the RS for PBCH demodulation. 
Furthermore, it is also desirable to let all the possible antennas for the PBCH/SS transmission at the same time. Following the assumption in FDM case, there are total four OFDM symbols for PSS/SSS/PBCH transmission with 144 REs for each OFDM symbol. If assuming all the concurrent 6 beams are used for SS and PBCH transmission, it needs to scan 24/6*4=16 OFDM symbols, and covering 16*144=2304 REs for SS and PBCH. If 4 beams are transmitted for SS and PBCH, it needs to scan 24/4*4=24 OFDM symbols, and covering 24*144=3456 REs for SS and PBCH. It will cause more overhead for PBCH/SS transmission.
Note that for TDM case, it will cost more OFDM symbols with the full antennas for PBCH/SS transmission than the FDM case. Specifically, as the indicated example, it will costs 16 OFDM symbols in TDM case, and only 8 OFDM symbols in FDM case. The additional 8 OFDM symbols in FDM case could use the whole antenna resources by the gNB, which could increase the system efficiency.
Comparisons
The comparison of FDM and TDM is based on the same numerology with the same CP overhead, where the robustness to the channel is the same. Figure 2 illustrates the evaluation configurations for TDM and FDM based on the above discussions. Specifically, two ports’ SFBC scheme is considered, where the density of self contained DMRS is 3/12 (~72REs) or 4/12 (~96REs) respectively for FDM. In TDM, two repetitions of SSS sequence and OCC are used [2], and hence about additional 6RBs (~72REs) are used when compared with LTE. The detailed evaluation assumptions are given in appendix. It can be observed that with similar DMRS overhead, the BLER performance is almost the same for TDM and FDM.
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Figure 2 BLER performance comaprison between FDM with self contained DMRS and TDM 
Table 1 Comparisons between FDM and TDM of PBCH and SS
	Aspects
	FDM
	TDM
	Comments

	System Efficiency
	Better
	Worse
	FDM spans less OFDM symbols, leaving more symbols with full antenna resources. TDM is even worse if no FDM with other signals.

	BLER with similar DMRS overhead
	Same
	Same
	Better frequency diversity for FDM; Higher Density of DMRS for TDM

	PAPR
	Same
	Same
	FDM with other signals

	
	Worse
	Better
	No FDM with other signals



Based on the above discussion, the comparison between FDM and TDM of PBCH and SS is given in Table 1. As discussed in [3], there may not be enough BW for FDM only in the case that frequency range category #2 (above 6 GHz) with minimum NR carrier bandwidth 20MHz. As a result, we have following proposal
Proposal 2: FDM of PBCH and SS should be considered as the first priority, and TDM should also be considered if the minimum system/UE bandwidth is not enough for FDM.
Demodulation reference signal of PBCH 
In an ‘SS block’, PBCH and SS can be multiplexed in FDM/TDM manner as discussed in above section. 
Irrespective of multiplexing type, same beam association can be assumed between SS and broadcast channel in a SS block. As discussed in above subsection, SFBC with two ports is proposed to PBCH to enhance the robustness especially for beam based transmission. In order to simplify RS design and reduce the resource overhead especially for the case of beam based transmission with huge beam number, reusing beamformed synchronization signal as the demodulation reference signal of broadcast channel (i.e. Alt.1) should be considered in NR if there is not enough BW for FDM of PBCH and SS. Compared to Alt.2 and Alt.3, no new added signal needs to be introduced. For example, SSS with 2 ports can be repurposed to provide demodulation reference for PBCH. Two different SSS sequences corresponding to 2 ports of PBCH need to be assumed in this case. The two SSS sequences point to the same cell ID.  UE can search blindly for the first SSS and then once it successfully detects this first SSS sequence, the next SSS sequence can be combined with it according to this first SSS sequence. Thereby the complexity of the receiver would not go up.  
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]In LTE, CRS is used as the demodulation reference signal of PBCH and CRS signal corresponding to different ports can be multiplexed with FDM or TDM manner. While for DMRS used as the demodulation reference signal of PDSCH, signals from different antenna ports can be multiplexed with FDM, TDM or CDM manner. In NR, SSS signal of each beam is usually mapped in one OFDM symbol, thereby FDM or CDM can be considered for SSS signal from different antenna ports.
An example for this multiple ports’ SS design can be found in Figure 3, wherein two ports’ SS locate in the adjacent symbols of broadcast channel with TDM manner. And red color and blue color represents different beams separately in the figure.
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Figure 3  An illustration of multiple ports’ SS  
Based on the above discussions, we have the following proposal: 
Proposal 3: Synchronization signal used for the demodulation RS of broadcast channel should be considered in NR if there is not enough BW for FDM of PBCH and SS.
Summary of proposals
In this contribution, the physical channel design of PBCH and corresponding evaluation are given and analyzed. The proposals in this paper are summarized as follows:
Proposal 1:  SFBC used as the transmission scheme for broadcast channel should be supported in NR.
Proposal 2: FDM of PBCH and SS should be considered as the first priority, and TDM should also be considered if the minimum system/UE bandwidth is not enough for FDM.
Proposal 3: Synchronization signal used for the demodulation RS of broadcast channel should be considered in NR if there is not enough BW for FDM of PBCH and SS.
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Appendix
The evaluation assumptions are given in following table.
Table 2 Evaluation assumptions for link-level simulation 
	Attributes
	Values or assumptions
	Remarks

	Carrier Frequency
	30 GHz
	

	Subcarrier spacing
	120 kHz
	

	PBCH payload
	24 bits
	

	CRC
	16 bits
	

	PBCH bandwidth
	240 REs
	

	Modulation 
	QPSK
	

	Channel coding
	Polar 
	

	PBCH position
	First two symbols, sandwich the SSS/PSS 
	

	TRP antenna config.
	Rx: [4, 8, 2, 1, 1]
	HPBW = 65, 8 dB

	UE antenna config.
	Tx: [2, 4, 2, 1, 1]
	HPBW = 90, 5 dB

	Channel model
	CDL-C 30 ns
	ZSA = 5, ZSD = 1

	UE speed (km/h)
	3
	

	UE movement
	Static
	

	Detection 
	1-shot (240 REs)
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Figure 4  Physical resource mapping of PBCH for tranmission scheme comparissons
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